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A bstr a ct The ovarie s ofala rge de alfish, Tra chipte ru sishika w a e, 2.4 7m in total le ngth, c a ught
off Ku m ano-Nada Se a, Pa cific c o ast, a ndtw o m ediu m-siz ed o arfishe s, Regale c u srus selli, 2.9 2m
a nd 2.65m in total le ngth, c a ughtoff Wakas aBay, Se a of Japa n, w ere e x a min ed histologic ally.
T hede alfish had m atu
_
r e o v arie s,24 20gin w eight,tho se ofthe o arfishesbeingim m atu re(l 80.2g
and 1 85.8g). M ic ro s copic e x a min atio n r e v e al da n o v ari n c avityin the ce ntr ala xis ofthetubular
o v aryin both thede alfish and o arfishes. In the fo r m e r,in addito nto ripe eg gs, o v ulatio n s ca rs,
atretic follicles, o o cytesin the yc-1kv e sicle, peripheral n u cle olia nd chro m atin n u cle olu s stage s
w ere s ee n
, where a sin the o arfishes, n o o v ulatio n s c a rs w er edete cted. T he o o cytes,in v ario u s
de v elopm e ntalstage sin both spe cies, w er e att ched to lo o s ec o n n e ctiv etis s u e,i. e. , o vigero u s
la m ella e
,
derived fro m athicko v aria n c apsule of fibr o u s c o n n e ctiv tiss u e, which w a s'c o ated with
th in m es otheliu m
. Su ch o v aria n archite ctu re w as classified as e nto v ariantype,thede v elopm e ntal
m ode ofthe o v a rian eg gsbeing u n equ al.
Key w o rds: o v ari nhistology, o varia n stru ctu re,tae nio so m ata, o alflSh,ribbo nfish,
Intr odu ction
T he go n adal histolog yofthe r a reand u n u su ally-shaped-fishe sbelo nging to Ta e nio s o mi ha sbe e n
studied inte r mitently bythe fir st autho r, taking adv a ntage of a v ailability fro m tim e to tim e, of
c o mpa ratively fre sh specim e n s of vario u s species(Ta m u rand Ho n m a, 1 97 1, 9 7 2, on Tr a chipte r u s
ishika w a e;Iio n m a et a1. , 19 7 3o n T. tra chipte r u s(=iris);Ilo nma a nd Tsu m ura, 1 9 8 0o n Lophotu s
cqpellei; Ho n m a a nd M iz u s a w a, 1 9 8 1on i. c apellei; Ho n m a et al. , 19 9 9o nEu mecichthysJiskii, a nd
2OO 2on RegL7le c u sru s selli).
In m a ny ofthe above c a s e s, the go n ads w e re u n s uitable fo rhistologic al study, since the
specime n s, although pre s erv ed in 10% fo r malin s olutio n when m ade a vailable, had be en previo u sly
de epfrozen fo rc onsider able pe riod after c aptu r eandhadthe reforebegu nto dete rio r ate . Acc ordingly,
the abo v elisted repo rtshad be e n u n able to pr o vide detailed histologic alpictu re s, although s o m e
u nde rstanding of the mic r os c opic a n ato my ofthe visceralo rga n s,in cluding gonads, had been possible .
Re c e ntly, w ehad a n opportu nity to e xamin ethre eindividu altae nio s o m ato us fishe?, o n egravid
dealfisha ndtw oim matu re o arfishe s, all in c o mpar ativ ely good c o nditio n.
In o rdertofurthe relucidate ,therefo re, the repr odu ctivebiolog ya ndlifehisto ry oftaenioso m ato u s
fishe s(orderI-a mpridifo r m es),the pr es ent sttldy w a sunde rtake n.
M aterials a nd Methods
A la rge m a tu redealfish, Tra chipte r u sishika w a e, 2.4 7m in total le ngth(without c a udal fin), w as
c a ught at a depth of 5 0 0m in the Ku m a n o-Nada Se a(Pa cific Oc e a n), off Taha r a, Ko za-cho,
Wakayam a Prefe ctu r e, du ring abyss al a ngling fo rbre a m(Seba ste s m ats uba r ai), o nl5 Ja n uary, 2 0 0 2
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(Fig. 1).
A fte r c aptu re, theliv efish w a str a n spo rted im m ediatelyto the Ku shim o t oM arine Park Aqu ariu m ,
W akaya m aPrefectu re, but died 3 0min ute slate r. A fte rthe r em oval of the ripe ovaries, weight w a s
m e a sured a nd the eg gs c o u nted. T hefish w asthen preserv ed in 1 0 % fo r m alin s olutio n. Itislikely that
this ndividu alreprese nted thelargestsizere c orded fordealfish.
Tw o o arfishes, Regale c u s ru s s elli, specim en A (2.9 2m in total length a nd 1 5.32 kg in body
w eight)a nd spe cim e nB (2.65 m and l l.0 0 kg), w e re c a ughtin a s et n etin stalled offthe c o a st of
H iruga , W akasaBay, Fukui Pr efe ctu re, Se a of Japan, on l l Jan uary, 2 0 0 3(Fig. 2). T he ovaries of
both specim e n swe r epreservedin lO% for malin s olutio n.
T hr e epie c e s(ant erio r m o st tip, mid dle po rtio n a nd po sterior mo stip) w ere cut fro meach o v a ry,
refixed in Bo uin
'
s s olution and dehydrated thr o ugh a n alc ohol s e rie s. A fter being e mbed ded in
pa r affin, the blo cks were c ut at 5FLm , Stain ed in he mat oxylin
-e o sin (H E)double stain and Ma s so n-
G oldner(M G)a s s o ciated with aldehyde fuchsin (A F)tetr a chr o m e, a nd obs e rv ed u nde r alight
microscope(Leitz Orthoplan).
T he c atchlo cationsof bothspe cie s ar eshow nin Fig. 3 .
Fig. 1. A giga ntic de alfish, Tra chipte r usishika w a e, c a ughtby abys sal a ngling off Ku m ano-Nada Sea,
Pa cific c o ast, o n15 Ja n u a ry,2 W 2, 2.4 7m T L. (P hotographed by M . Ma su m ot , a repo.rter of
Kii-minpo Pres s)
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Fig. 2. Tw o m ediu m-siz edo arfishe s,Regalec u s r u ss elli, c aughtby a setn etoff Iliruga, W akas aBay,Se a







Fig. 3. M ap of Japan showingc ollectio nlo c alites of de alfish(arro w)a ndo arfish(arro whead).
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Re sults
M a c r o sc op y
Tra chipte ru s t
'
shika w ae
Unfo rtu n ately, siz e m e asu rementsof elo ngate o v a ry w e r e n ot t ake n, altho ugh the w eight ofthe
o v a ry(2 4 20g)and diam eter ofovarian eggs which hadpassed thr o ugh the clo aca w e r e r e c o rded. T he
ante rio rpo rtio n, c or re sponding ap proxim atelyhalfofthe ovary, wa sbifurcated.
T he eg gs, s epa rate and transpar e nt withoutoilglobuleso rdroplets, s ee med to be pelagic, the
diam eter of larger eggs ra ngingfro m2.2 8to 2.4 3(m e a n2.4 1)m m .
T he n u mbe r ofeg gsis olated fr o mthe o vige r o u sla m ella e a nd discha rged to w a rd the clo a c a w a s
r o ughly e stim atedas1 0 0, 0 0grain s,tho s e rem aining attachedto the lam ella ebeing about 2 0 0, 0 0. In
ad dition, s m aller eggs(oocyte s)les sthan 1m min dia m ete r w e r epro min e nt.
Regale c us russ elii
T he o v a ry of spe cim e nA w a s sle nde r a nd cylindric al, the a nte rio rhalfbeing bifu r c ated . T he
po sterior u nified proper portion wa s2 8cm long(3 cm wide), with 2cm widelobes of 3 3cm (left
lobe)a nd 3 0cm (rightlobe)le ngth. T he w eightofo v a ry w a s1 80.2g.
M o rphologic al fe atu r e s of spe cim e nB w e r e simila rto tho s ein A, thele ngth of the po ste rio r
po rtion being 33c m, withthe bifu rc atelobe sbeing3 3c m(leftlobe)a nd 3 1c m(rightlobe). T he width
ofthe po ste rio rpo rtio n w a s3 c m , the leftlobe being 2 c m a nd the rightlobe 1 3c m. T he w eight of
ovary w asl 8 5.8g.
M icr o s c opy
Tra chipte r u sishika w a e
T he o v a ry w a s e ntirely c overed by a c omparativelythick ovarian c apsule, being s u spe nded by a
delicate m e so v a riu m from the do m e ofthe body c a vity a nd atta chedto the do rs alsu rfa c e ofablind s a c
fro mthe sto mach. T he c aps ule co n sisted ofs upe rfici alm e s otheliu m , c ollage n ous c o n n e ctiv etis s u e
a nd fe w sm o oth m u s cle fibers. Nu m ero us o vigerouslam ellae oflo ose c onn e ctivetissue w ere derived
from this c aps ule in cluding a nu mbe r of o va rian eg gs(o o cyte s) (Fig. 4a). A lthough various
de v elopm e ntalstages of o o cyte s(chro m atin n u cle olu s, pe riphe ral n u cle olu s, yolkv e sicle a nd yolk
globule stages) wer edetected inthe ovary(Fig. 4 b),itproved impossibleto obtain go odpreparatio ns
of ripe eg gs owingtotechnic al difficulte s.
Ac cordingly, the m ostdeveloped o ocyte s obs e r v ed w e rethe late ryolkglobule stage a nd m o r e
m atur e o o cytes. Ipthese, thec a, granulo sa, thick z o n aradiata a ndpe riphe rally-shifted yolkglot)ules
ch?nginginto homogen e o u syolkplatelets o rfine fo amy o opla sm w e re r e c ognized(Fig. 4c). Itw as
noted thatyou nge r o o cyte shad m a ss ed to gather(Fig. 4d), s om e tim e s, being dispos edin aline along
the o vige r o u slam ellae . Notably, besides atretic o ocytes(Fig. 4e), ov ulation scars w ere sporadically
e n c o u nte red, the s c a rs consisting of hypertrophied follicular c ells and their rem n ants arr arlged in
irregular rings. M a s ses of follic u1ar c ells occ u red in a vgsicula r stru ctu re(Fig.4f).
An e nto v aria nty pe w asinfer rSdforthe existence ofan ovaian c avityin the c ore ofthe o v a ry
(Fig. 4a).
Reg qle c u s ru s sellii
In cr o s s sectio n, an o v aria n c a vityinthe c or e ofthe cylindricalovary(i. e. , e ntovarian ty pe) was
e vide ntin both o a rfish specim e n s, the de v elopm e nt of oyaria n eg gs being ata r elativ ely e a rlierstage
than in the dealfish(Fig. 5a). As sho w nin Fig. 5 b, r a mific ation s of ovigero u sla m ella9 fr o mthe
ovarian capsdle w e re also
-
pro min e nt. T he o v a ria n eg gs(o o cyte s), in v a rio u?dev elopm entalstage s,
ata chedtorand alo ng the a s c e ndingla m ella e w er e c o ver ed with a delic at eloos e c on ngctiv eti/s sue.
T he m o stde v eloped oo cytes had attained the yolk v e sicle stage(Fig. 5c). W he r e a s n eithgr oil
dropletsnor globules were s e en in the oocyte s, A F-po sitive yolkv esicle sandglpbules were situated
inthe peripheralz o ne(Figs. 5 d, e). Nu m er o u sinte rdigitated pro c e s s e s e xisted betw e en the e xte riQr Of
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Fig. 4. a-f. Se ctio n of deal fisho v ary.
a. Ovigero u sla m ellae(ar ro w s)c o mprising o o cytesin v ario u sde v elopm e ntalstage s. Note apart of
o v aria n c a vity. Ma ss o n-Goldn e r- aldehydefu chsin(M G-AF)stain .
b. M aturingo o cyte s atyolkv esicle stage(arr o w s) and aripeo o cyte(a rro whe ad). M G-A F.
c. Part of a ripe o o cyte sho wing yolkplatelets(a r row s). g, gr a n ulo s a c ell; z, z o n a radiata .
He m atoxylin-e o sin(ll E)stain .
d. De v eloping o o cytes e n v eloped bylam ella e(arr o w)sho wing yo u nge r ag gregated o o cyte s. Note
o vulatio n sc a r(arro whe ad). M G- A F.
e. Atretic eg gsho winghe a vy o olysis. a rr o w,yolkplatelet;g. gra n ulo s a c ells;z, z o n a r adita. H E.
f. Enla rged view ofa n ovulatio n s ca r sho wing a ctiv e state ofgra n ulo s a c ells(a rr o w s). M G-A F. Sc ale
bar: a,b,d, e =50FLm;c,f=25FLm .
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Fig. 5. a-f. Section of oarfish ovaries. 
a. Ovigerous lamellae (arrows) comprising oocytes in various developmental stages. Each lamellar coat 
projected into a wide ovarian cavity (c) indicative of entovarian type. Note atretic follicle (arrow 
head). MG-AF. 
b. Section showing ramification of ovigerous lamellae (arrows). Younger oocytes corresponding to 
chromatin nucleolus stage nested together (arrow head). oc, ovarian capsule. MG-AF. 
c. Oocytes in yolk vesicle stage. Yolk vesicles (arrow head) positive to AF situated in peripheral zone. 
Note prominent nucleolus in the light nucleus (arrows). MG-AF. 
d. Enlarged view of oocytes at yolk vesicle stage. Yolk vesicles (arrow heads) situated in peripheral 
zone. Note digital processes (see text) (arrows) between zona radiata (z) and granulosa (g) of 
follicular epithelium. HE. 
e. Enlarged view of oocytes in yolk vesicle to yolk globule (yg) stages. Digital processes (arrows) 
between zona radiata (z) and granulosa cell (g). MG-AF. 
f. Enlarged view of an atretic oocyte showing oolysis. z, zona radiata; g, granulosa cells. MG-AF. 
Scale bar: a, b= 150 µm ; c=50 µm ; d, e, f=25 µm . 
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thein c omplete zo n a r adiata and the granulosa c ells of the follicula repitheliu m(Figs. 1 3, 14). In the
e a rly periphe r aln ucle olu s stage o o cyte s ayolkn u cle u s a nd n u cle olu s w e repromin e nt. Le ssde v eloped
oocytes at the chro m atin n u cle olu s stage were ne sted together(Fig. 5b).
Atr etic o ocyte s with sever e o olysis and m ultilayerd follic ula r epithelium w e r e seldo m se en(Figs.
5a ,f). Activ ein va sio n of follicular epithelialc ellsinto the o olytic m ate rial w a sfou nd in s e v e ral atr etic
follicles. Ho w e v e r, n o o v ulatio n sc a rs w ere nc ounte red.
Disc u s sio n
O kiya m a(1 97 9, 19 8 8)reported the diam ete rofpelagic eg gs(without oilglobules)of deal fish,
c ollected du ring M ay
-Ju ne, 1 97 1and l9 7 5 in the Se a of Japan , a s ra nging fro m2.8 3-3.1 4m m , a nd
spe c ulated that the spaw ning seaso n of de alfish ra nged fro m Dece m berto June , citing a rec ord of
gravidfem ales c ollectedfr o mJa n u ary to May around Iz u Oshim aIsland in the Pacific(H irose eta1. ,
l970). Al thoughthepre se nt de al fish w a sc aughtoff Ku m an o-NadaSea,in Janu ary,the eggs werejust
prio rto spa w ning. T he r e a s o nfo rthe dia mete rof thelatter(2.2 8-2.43 m m), asiniti al ly repo rted by
M isaki(20 02), being sm allerthan des c ribed by O kiyam a(l97 9) m ay be due to e nviro n m ental
conditio n s. Upo n r el a s efr o mthe body c a vity, eg gsintheproc es sofe mbryogene sis while flo atingin
the s e a, w ouldabsorbe se aw ater natu rally,therebyincre asingin siz e.
Eg gdiam eters ofthre e specim ens ofsc alloped ribbon fish, Zu.cristatu s(identified following
W alte r s a nd Pitch, l9 6 0), c olle cted by pla nkto n n etfr o mthe mid- Atlan tic Oc e a n, ra nged fro m2.l 7 to
2.2 7m m , with the notocho rdlength in a decho rio n ated late r e mbryo , being 5 .13 m m (0 1n ey a nd
Naplin, 1980). Sardo u(l 9 6 6)obse r v ed a s e rie s of embryo nic de v elopm ent of Tr a chy pte r u sta e nia ,
in cluding epibolyto hatched la rv a, and e mphasized that the size ofeg gs withrich yolk, 3 .0-3.5 m m ,
ar ethelarge st am ongst the m arinetele ost .
Ge n e ral histolog yn ote s alre ady published on fe m ale ta e nio s o m ato u sfishes, including 3 deal
fishes(T. ish ika w a e, including the pre se ntspecim en), one crestfish(Lophotu s c apellei), on e
u nico rnfish(Eu m e ci hthysjiskii)a nd o n e o a rfish(R. ru ss elli), w e re allm ade o n spe cim e n sin spent
co ndition, whe reas the prese nt tw o o arfisheswereim m atur e(Ta mur a and Ho n m a, 1 9 7 l, 1 9 7 2;Hon m a
add Tsumu r a
,
19 8 0; Ho n m a et al. , 1 9 99, 2 0 0 0, 2 0 02). In ad ditio ntothe above fe m ale specim ens, a
yo u ng m ale c re stfish ha s als obe e n e xamin ed(Ho n m a a nd M iz u saw a, 1 9 8 1).
Note s on the date s ofcollec tio n, bodysiz e sa ndgo nadc o ndition of the above specim e ns ar egive n
in Table 1. A m ongthe 10 exam ples, c om prising 8fem ales, one m ale and one s ex un kno wn , only 3
im m atur e examples(2 fem ales and one m ale)areincluded. A lthough the c ollection dates ofspent
fishes occ urred from Dec e mbe rto June/July, thelikely br e eding seas o nba sed o nhistological criteria
w a sc oincide ntwiththis extendedperiod. T hepre s entc onjecture on the bre edingse as on ofde alfish is
similarto a n opinio n e xpre ss ed by Okiya m a(1 97 9).
T he possibility of tw o o r more spaw ningtime s unde rgo ne by a single fem aleduring an exte nded
bre edingse as on wasindicatedbythe pre s enta ndpr e vioushistologicalcriteria, basedonthe e xistenc e
ofv ario u s stage s ofo v aria n eg gs . In ad dito n, the e nto v aria ntype ofo v ary a ndu n equ alde v elopm ental
m ode of ovarian eg gs have alr eady been reported by Tam ura and Hon ma(l 9 7 1, 97 2), Hon ma and
Tsum ura(1980)a nd Ho n m a et a1. (l999, 2 00 2). Kobaya shieta1. (1996)als odisc ussed these o varian
stru ctu re sin apr elimin a ry o r alpape r.
Previously, w e c onsidered the possibilitythat dealfish die after spa wning(Tam ur a and Hon ma,
1 9 7 1, l9 7 2). How e ver, the v e ry large siz e ofthe pre s e nt gravidspecim en , ne arly twice that of
pr e vio u sly-r epo rted spe cim ens, sug gests thatdealfish are ableto spaw n o n m ultiple o c c a sio n s. Sin c e
nolarva eof dealfish and/o r othe rta e nio s o mato u s spe cie sha v ebe e n re corded fro mthe Se aof Japan ,it
is u nkn o wn whether or n otthedealfish oralliedspeciesre c ordedreprese nt esablished populatio ns.
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Table1. Data ofta e nio s o m ato u sfishe s e x amin ed histologic allybythe se nio r a uthor(s e e.te xt).
Na m e Date ofc olle ction Totalle ngth Se x Go n adalc o ndito n
(m)
dealfish(T.ishika w a e)
de alfish
king-of-the-salm o n








15 Ju n e,1 969 1.50 i spent
24 Ma/y,1 970 1.1 2 % spent
7 July,1 970
26 De c. ,197 8
3 Jam. ,1 980




15 Ja n. ,2002
ll Ja n. ,200 3
ll Ja n. ,200 3
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Kobaya shi, K . ,Su z uki, K and S hiobar a, Y. l9 96. H istologic alobs erv atio n s o nthego n ads ofta e nio s o m o u sfishe s,
espe cially o arfish. 41stM e etingof Aqu arists of Japan e s eAss o ciatio n of Zo ologic al Ga rde n s a nd Aqu ariu m s,
(abstra ct)2 2,(in Japa n e se).
M is aki
,
H . 202. A gravid de alfish fro mthe Ku m a n o-Nada Se a, the Pa cific . Ma rin ePa villio n, 31(5), 3(in
Japa n e se).
O kiya m a, M . 197 8. Su c c es sfulspa w ning ofs o m eholo epipelagicfishe sin theSe a of Japa n a nd z o oge ogr aphic al
implicatio n s. Pro c e edingofthe7th Japan
-So vietJointSympo siu m o nAqu a c ultu re,223-2 33.
O kiya m a, M :(ed.)l98 8. An Atlas ofthe EarlyStage FishesinJapan. Tokai Univ ercityPres s, Tokyo 1154pp. (in
Japa n e se).
01n ey, J. E. and Naplin, A. 1 980. Eg gs ofthe sc alloped ri bbo nfish, Zu c ristu s,(Pisc e s:Tra chipteri dae)in the
w este rnNo rth Atla ntic. Copeia,l98 0,1,1 65
-16 6.
Sardo u, J. 19 66. Oeufetde v eloppe m e nte mbryo n n air ede Tra chipte ru sta e nia Blo ch(Ordrede sLa mpri difo r m es
A llotriogn athe sfa milledesTr achipteri da e). Vie etM ilie u, Serie sA,l7,99-21 5,4pls.
Walte rs, V. a nd Pitch, J. E. 19 60. T he fa milies a nd ge n er a ofthela mpridifo r m(Allotriogn ath)s ubo rder
Tr achipte roidei. Califor nia Fisha nd Ga m e,4 6,441-451.
h str tI Ctidn to Autho r s
n e ptlb lic atio n s oftJleSeto M a rin e B iolos h l h bor &to ry(r efer red a s the Public ado n shereaft er)
a re iss u ed r egula rly by the Seto M arin eBiologic al Lat?o r ato ry of Kyo t oUniv e rsity. T he public a tiorlS
aim to c o ntribute Lo the pr ogres s or m a rin e biolog ya nd r elated scie n c e sby publishing the scientilC
pape rs r ega rding o rga nis m s o{m ainlyJapa n es e a nd Indo- Pa cific w ate rs. Pape rs relatedtp the n a t u ral
histo ry,s u ch astax o n o my, m o rphology, a nd e v olutio n a rybiolog ya r cthe m o sts uitable, a nd pa rtic ula rly
those rec o rding w o rks do n eat the Labor atory a re fa vorable .
Submitted pape rs m u st n ot ha v ebe enpublished n o rbe u nde r c o n side ratio nfo rpublishing els e whe r e
in a ny la ngu ages. T he s ub mitted papers will be revie w ed atle ast by tw o ref re es, a nd o nly tho s e
pape rs e v alu ated their s cie nti6c Endings a re w o rth for public atio n will be a c c epted. Su ch pape rs
thatisjudged not pai ds uffic e nt atte ntio nto the ^ ldlife c o n s e rv atio n a nd the lmm a n etre atm e nt of
a nim als wil be r eje cted.
M a nu s cript sho uld be s e nt tp the edito rin chief(Yo shihis a S hir aya m a) o(the Public atio n s a the
follo wing ad dr ess:
Seto M a.rime Biolobc al Laborato ry,
4 59 Shir aha m a, W akaya ma Pr ef. , 64
.9-2 21 1,Japa n
Au thors a r e r equ est ed to riad the fo llo wing in stru ctio n c a refully, and prepare dleir m a nu s cript
pr ope rly. Po o r attention to theinstruction m ayc a u s e u n n e ce ssa rydelay ofthepr o cessingorpape rs,
M a lu s c ripts sho uld be pr epa r ed in English as c o n cis ely as po ssible. T ho s e a utho rs who s e n ativ e
la ngu ageis n ot English sho ulda sk n adv eEnglish spe ake rto co rr e ctla ngu age u sage before s ubmitting
the m a n u s cript. O rigin ala ndtw o c opies ofthe m a n u s c riptc o n siting o{te xt, tables a nd theillu stra tio n s
sho ul d b
.
e pr o vided.
Text:
The te xt shoul d be pdnted in double spa c ed m a n ner o n o n e side of A 4si2:ePape rle aving m a rgin s
of m o retha n3 c min widtl" lla ro u nd. A llshe ets shoul d b;n u mbe r ed c o n se cutiv ely, a nd the llam e
of
-
the se nio r a utho r shoul d be giv e n o nthe up pe r right c o r n e r.
T he Grst page or the te xt sho uld in clude the title o( the pape r, info m , atio n of a uthor(s) (n a m e,
aF.liatio n, a nd c o r respo nding ad dr essin clu siv e or e- m ailad dr ess ofalla uthors a nd telepho n e a nd Fa x
n u mbe rs o{the repr es e ntatiy e a utho r), the ru n ni g ti de(n ot m o rethan 50cha r a cter s), a nd key w o rds
'
(n ot m o r etha n lO ite m s).
The s e c ond page slw uld in clude o nly the abstr act o{the pape r(lesstha n 300w o rds), e xpr essing
c o n cisely the hy pothe sis, the ap pr o a ch the a utho r(s) adopted, the r es ults, a nd the c o n clu sio n.
T he m ain body o{ the text c o n siting of introdu cdo n, rn ateriaJs a nd m ethods, r es ults, dis c u ss
ion ,
a ckno wledgm e nts, refer e nc e a nd s o o n, sho uld be prepa r ed fr o mpage 3. T he pape rslisted
in the
refer e n c e s e ctio r "houl d be refe rr ed a sTokioka(19 60, 196 la)o r(Ha rada , 1 99 5; Ha r ada et a1. , 19 92;
H a r ada a nd Fu s e, l99 4).
The refe r e n c e sho uld listal lthepape rs m e ntio n ed in thete xtalphabetic anyin the follo witlg m a n n e r.
Rc/cTring paper. I,ubLLfhed i,zjozL m al.f:
s hir aya m a, Y . l9 84a . T he abu nda n c e or de ep
-se a m eiobe ntho sin the W este rnPa cific in r elatio n
to e nvirorl m e ntal Fa cto rs. O c e a n ol gic a Acta, 7, I l3-l 2l.
s hir aya ma , Y. 1 98 4b, Ve rtic al distributi6n orm eiobe ntho sin the s edim e ntpro61ein bathyal, abyss al
a nd hadalde ep
-s e a sy te m s o{the W este r nPa cific. Oc e a n ol gic a Acta, 7, 1 23-l29.
s hir aya m a, Y . a nd Ho riko shi, M . L 98 9, Co mpa ris o n ofthe be nthic siz e stn ICtu r ebet
w e en s ublitto r al,










S hir aya m a, Y . l 99 5. Cu rr ent statu s of de ep
-s e abiology in relation to the Col dispos al. In ,
Ha nda, N . a nd O hs umi,lT. (eds .) D ire ct Oc e a nDisposal of Ca rbon D ioxide, Te n Scie ntinc




TZg a book aJ a Whole:
Gage,J. D . a nd Tyle r, P. A . l9 9l. De ep- Se a Biology. Ca mbridge Univ e rsity Pres s, Ca mbridge,
5 04pp.
Table s..
T he tables sho uld be pr ovi ded in the shape re ady to repr odu c e. Ea ch table shoul d be
printed o n a s epa rate she et of pape r u sing a fo rLt
"
T im es n e w ro m a n
"
o r r elated o n e. T he
la rge table that c a n n ot be printed iTl2 page sis n ot a c c eptable.
Figu r e s :
lllu str ado n s sho uld be pr epa red in a siz e or n ot s m aller tha n B 5a nd n ot la rge r tha n A 3. T hey
should 6t to the shape or the page, that is 1 4c m
r
wide by 20c m height at m axim u m. Authors
a re r equ ested to pay dle m o st Car eful attention to the thickne ss or lines, the si2:e Or letters
a nd the spacing of dr a^ ngs. P hotographs sho uld be printed in a high c o ntrast to n e. M a n u s cripts
in clu siv e of Ggu r es willn ot be retu rn ed to the a utho rs tl nessthey r equ ested. T he co st fo rprinting
the c olor plates m u stbe c o v e red by the a utho r.
Pr t) ofs :
T he hrst gamey pro of
-
willbe sent to the s e nior autho r. T he author should r etu r n it to
the edito r within. 3 days afte r the re c eipt. O nly c o rr e cdo n s or typogr aphic er ro rs a r e
allo w ed at this stage.
Reprints :
T he public adon s pr ovide 50 reprints to the s e nio r a utho rfre e o{ cha rge- T he a utho r c a n o rde r
ad dito n al r eprints whe n the a utho r r etu - sthe galley pro ofto the edito r.
Page ch& rse:
T he public atio n sdo n ot set the m a xim al le ngth or e a ch a rdcle, a nd win n ot billthe page
cha rge fo r the regula r bla ck
-ink printing. Ho w e v e r, the c ost for prin ting c olo r plates shoul d
be c o v e r ed by the a utho r(s).
Co -ptlte r file s :
To sa v ethe c o st lo r publishing a nd to r edu c e typogr aphic e r ro rs, the public atio n s requ est
the a utho r to pr ovide to mpute r files to the edito rial bo a rd whe n the m a n u s cript is a c c epted
fo r publishing. Use of the 3.5 hch 2 D Do r 2 H D flop pydisk (prefer ably fdr m atted by
M S- D O S) that re c o rds plain te xt files a nd cle a rly m a rked the a utho r n a m e and the ti de
ofthe pape ris r equ ested. Us e oL
'
ele ctric mai lm ay be als o a c c eptable. If the a uthor u sed a word
pro c ess o rfo rprepa ring the m a n u s c ript, the bin a ry file us ed by the progr a mis als o r equ ested to be
pro vided, a nd info r m atio nTo rtll e w o ld pr o ce ss o rpr ogr a m r - stbe provi ded. Itis n ot reco m m e nded
to pr ovi de data Ble sh ste ad o( lin edr a wings a nd photogr aphs.
